According to literature, coronary artery anomalies (CAAs) affect approximately 1% of the general population; this percentage is derived from cineangiograms performed for suspected obstructive disease [1] [2] .
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Angelini and coworkers [2] propose that, because of its substantial variability, normal and anomalous coronary anatomy should be well defined. Coronary anatomy is normal when it is observed in >1% of an unselected population; a normal variant is an alternative, relatively unusual, morphological feature seen in >1% of the same population; and anomaly, a morphological feature seen in <1% of that population. The incidence of coronary anomalies is relevant not only for conceptual and educational purposes but, more importantly, for public health issues. In fact, 19% of sudden deaths in young athletes in USA are related to these anomalies [3] .
An accepted classification of CAAs is the following [2] (Table 1) :
1) Anomalies of origination and course, including cases of absence of left main trunk (split origination of LCA, Figure 1 .), anomalous location of a coronary ostium outside aortic sinuses, for example from ascending aorta or pulmonary artery, or other anomalous coronary patterns at risk (Fig. 2) .
2) Anomalies of intrinsic coronary arterial anatomy: relatively frequent are coronary hypoplasia or intramural coronary artery (muscle bridge), split RCA or split LAD, double LAD and LAD with a large septal branch. Hypoplastic coronary arteries have a small luminal diameter (usually less than 1mm) and a reduced length. Rare patterns include congenital atresia or stenosis or the absence of a coronary artery. Congenital epicardial coronary stenosis is usually caused by a membrane or a fibrotic ridge. Coronary atresia is characterized by the presence of an ostial dimple in the left or right aortic sinus that terminates in a cordlike fibrotic structure without a patent lumen. In some individuals, certain left ventricular territories may be supplied by duplicated coronary arteries [4] . Duplications of LAD, Cx and RCA [2, 4] have all been reported. Dual LAD consists of one short and another long artery and is classified into 4 different subtypes. In the most common form (type I) the short and the long branches originate from the main LAD trunk. The shorter artery runs in the anterior interventricular sulcus and terminates abrupltly long before reaching the cardiac apex, while the longer one runs in the epicardial surface and returns in the interventricular sulcus in its distal third and then continues on the apex. In the type II variety the long LAD courses over the anterior surface of the right ventricle. In type III the long LAD coronary has, at least partly, an intramyocardial (bridging) course. Unlike types I and II, the septal branches arise from long LAD and diagonals arise from the short LAD. Finally, in type IV the short LAD arises from left main while the long one arises anomalously from RCA and courses to the left side of the heart, anteriorly to the right ventricular outflow tract. In cases of double RCA, the two vessels may course together in the right atrioventricular groove and/or have separate courses with one of the two branches running on the epicardial surface of the right ventricle. Both vessels give rise to right ventricular branches and generally only one of the two branches gives off the posterior descending coronary artery [4] .
3) Anomalies of coronary termination: this group comprises fistulas. A coronary fistula can involve both RCA and LCA, both ventricles, both atria and pulmonary artery and veins.
Coronary abnormalities in the catheterization laboratory
Angelini et al. [1] examinated 1950 angiograms, finding the following prevalence of CAAs: -Prevalence of CAAs in the general population:
5.64% -Split RCA: 1.23% -Ectopic RCA (left sinus): 1.13% -Fistulas: 0.87% -Absent left main coronary artery: 0.67% -Circumflex arising from right sinus: 0.67%
In this section we describe some cineangiograms from our catheterization laboratory (Fig. 3-8) . A. Anomalous right coronary artery (RCA) with separate ostium, arising from left coronary sinus (LCS), coursing interarterially, between the PA and aorta, without intramural course. B. Anomalous RCA, arising from LMCA, and coursing interarterially between the PA and aorta, without intramural course. C. Anomalous LCA arising with a separate ostium from right coronary sinus (RCS), coursing interarterially between the PA and aorta, without intramural course. D. Anomalous LCA, arising from the proximal RCA, with a single ostium (shared with the RCA), and coursing interarterially between the PA and aorta, without intramural course. E. Anomalous LCA with a single ostium (shared with RCA), arising from the RCS and coursing interarterially and intramuscularly between the PA and aorta. 
Mechanisms of disease in CAAs
To understand the clinical impact of CAAs, the fundamental challenge is to establish, for a particular type of CAA, a mechanism capable of interference with the coronary artery's function to provide blood flow to the dependent myocardium. Whereas some CAAs occasionally cause ischemia, others (eg, anomalous origin of the left coronary artery from the pulmonary artery and congenital coronary atresia) always cause ischemia, and yet others only predispose the patient to have a complication (clotting, spasm, or atherosclerotic buildup).
A pre-capillary fistula connecting a major coronary artery directly with a cardiac chamber, coronary sinus, superior vena cava or PA, is the most common form of hemodynamically significant coronary anomaly. Physiologically, a left-to-right shunt exists in such cases, except in the rare instances when the termination is in a left heart chamber. Approximately half of these patients are asymptomatic. The rest may develop congestive heart failure, subacute bacterial endocarditis, myocardial ischemia or infarction resulting from a "steal" phenomenon, or rupture of an aneurysmal fistula (5).
The anomalous origin of a coronary artery from the opposite sinus (ACAOS) has been recognized to have serious prognostic implications in young individuals [1, [6] [7] . In cases of ectopic origination of a coronary artery, a severe prognosis is given by a specific abnormal course, called "interarterial", between the aorta and the pulmonary artery. Indeed, ACAOS has recently been observed, on intravascular ultrasound (IVUS) imaging, to consist of intramural proximal intussusception of the ectopic artery at the aortic-root wall [8] . Often, the intramural intussuscepted segment of the proximal ectopic artery is smaller in circumference than the more distal extramural vessel, so creating a situation of coronary hypoplasia. Arteries that arise congenitally inside the aortic media likely cannot grow normally either before or after birth. Moreover, the intramural segment is subjected to lateral compression, resulting in an ovoid (and not circular) cross section of the same segment, giving a smaller area than that possessed by a circle of the same circumference. This parameter can be quantified with the asymmetry ratio (the ratio of the smallest to the largest diameter in an IVUS cross section). Additionally, our group has observed that the smaller diameter is further compressed during each systole, as manifested by pulsatile behavior observed with IVUS during the cardiac cycle. This liability to undergo intermittent worsening is most likely related to changes in stroke volume (and pulsatility of the ascending aorta) and to tachycardia, which is a behavior that becomes manifest during IVUS imaging when an experimental pharmacological challenge simulates exercise conditions. When a carrier of ACAOS dies suddenly, in the absence of other lethal cardiovascular conditions, a low cardiac output and bradycardia or asystole typically occur early after extreme exercise, after which syncope and/or death ensues. Terminal ventricular fibrillation may also occur as a manifestation of critical ischemia or of reperfusion arrhythmia.
Clinical repercussions of coronary artery anomalies
CAAs are usually compatible with normal prenatal myocardial development and postnatal growth and function, even permitting intense athletic activity. Nevertheless, the anomaly sometimes leads to a pathological state, which usually originates suddenly and may have catastrophic consequences. A typical example of this situation is the anomalous origination of the left coronary artery from the opposite sinus (ACAOS) with intussusception of the proximal segment of the artery in the aortic wall (for details see text above).
CAAs have been implicated in chest pain, sudden death, cardiomyopathy, syncope, dyspnea, ventricular fibrillation and myocardial infarction. Rarely, they have been related to reproducible effort angina, as seen in obstructive coronary disease.
CAAs might have clinical consequences other than those strictly related to myocardial ischemia; these consequences might include volume overload (in cases of large coronary fistulas), aortic-root distortion (in cases of very large coronary fistulas or aneurysms), bacterial endocarditis, complications during aortic valve surgery or coronary angioplasty, and misdiagnosis (as in many cases of "missing" coronary arteries).
Therapeutic options
While many CAAa seems to be only anatomical curiosities without clinical repercussions (but often representing a proof of patience for the physician performing coronary angiography), others may have serious consequences, requiring medical or interventional treatment.
Symptomatic carriers of ACAOS have 3 treatment options: medical therapy/observation, coronary angioplasty with stenting, or surgical repair. Despite the limitations of our knowledge of such anomalies, intervention may be justified in some cases to prevent sudden cardiac death and improve the quality of life. Medical treatment (essentially with beta-blockers) is probably as effective as restriction of activity (avoidance of extreme exertion) in these patients [9] . PCI of the obstructed proximal intramural segment of a patient with right-ACAOS is technically feasible [10] , and is probably justifiable in the presence of disabling symptoms and/or a high risk of sudden death, area stenosis more severe than 50% with respect to the distal normal vessel on IVUS, a large dependent myocardial territory (more than a third of the total), and inducible ischemia, as documented by a stress test. Drug-eluting stents offer the best probability to avoid restenosis, but definitive data need to be collected regarding this offlabel use of stents. Surgical treatment of ACAOS has been performed in large series of patients for several years. Surgical correction, which is especially recommended for left-ACAOS that involves a large territory at risk, may consist of: 1) direct reimplantation of the ectopic artery at the aortic root (a technically difficult and unreliable approach); 2) unroofing of the intramural coronary segment, from the ostium to the exit point, off the aortic wall; or 3) osteoplasty, which creates a new ostium at the end of the ectopic artery's intramural segment [11] . Symptomatic carriers of a left coronary artery originating from the pulmonary artery (giving rise to large fistulas with volume overload and ischemia) can be treated surgically, with reimplantation of the aberrant coronary ostium on the aortic root.
Myocardial bridge (an entity that is familiar to every interventional cardiologist) with involvement of a large myocardial territory and complete systolic obliteration of the vessel, can be related to malignant ventricular arrhythmias and sudden death, requiring surgical resection.
Considerations and conclusions
The challenge presented by coronary anomalies is understanding the variability of their functional repercussions. Some anomalies (including most of those in unselected necropsy series) seem to be only curiosities. Other anomalies are potentially fatal. Still, cardiologists can only guess at possible pathophysiological mechanisms for the latter while lacking the information necessary to make sound recommendations. Cardiologists must transcend their current predominant approach, characterized by no more than the periodic publication of dramatic case reports. Our knowledge about the clinical expression of coronary anomalies could be greatly enhanced by a multicenter database capable of prospectively collecting information about the following fundamental issues: (1) the incidence of each anomaly, as an anatomic entity, in unselected general populations, based on strict, prospectively agreed-on diagnostic criteria; (2) the type and incidence of clinical manifestations associated with each type of anomaly and the specific features of each instance; (3) the detailed clinical history of each patient with a given anomaly who experiences a clinical event, with particular attention to objective documentation of the event itself and the relevant clinical circumstances (exercise, dehydration, smoking, drugs, etc); and (4) the treatment (behavorial, medical, or surgical) used for a given patient with a coronary anomaly, whether identified during life or after death. Living patients should undergo long-term observation to clarify the anomaly's natural history and the influence of any empirical intervention. Using powerful databases (ideally under the auspices of a large professional organization), such a network of experts should implement coordinated, pre-established protocols for clinical investigations. These experts should also support educational efforts, publish periodic documents, and foster pertinent discussions by holding regular meetings. In conclusion, if 19% of sudden deaths in young athletes are due to coronary anomalies, and if most anomalies are harmless but the rest require aggressive intervention, we owe our patients and colleagues a precise, objective source of information that can lead to sound recommendations and safe treatment. 
Riassunto

